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PAPER SEPARATION MECHANISM AND PAPER FEED 
APPARATUS WITH THE PAPER SEPARATION MECHANISM 

[0001] BACKGROUND OF THE INVENTION 
[0002] i) Field of the Invention 

[0003] The present invention relates to a paper separation 
mechanism for separating and feeding a plurality of 
sheets of paper stored in a paper storage sheet by sheet 
by cooperating with a paper feed mechanism having a 
feed roller, and to a paper feed apparatus having the 
paper separation mechanism. 

[0004] ii) Description of the Prior Art 

[0005] In a conventional paper feed apparatus as shown in 
FIGS. 16A and 16B, for example, a paper separation unit 
92 is disposed such that the lower end surface of paper 
90 abuts the paper separation unit 92. Friction between 
the paper separation unit 92 and the lower end surface 
of the paper 90 causes only the uppermost sheet of paper 
to be separated (cf. Publication of Unexamined Japanese 
Patent Application No. 2002 137838). 

[0006] In the conventional paper feed apparatus, a 

separation unit retainer 93 retains the paper separation 
unit 92 by two retaining portions 93a and 93b protruding 
upwardly and being arranged along the longitudinal 
direction of the separation unit retainer 93. A clearance 



93c is formed between the paper separation unit 92 and 
the separation unit retainer 93 so as to provide 
flexibility to the paper separation unit 92. 
[0007] The paper separation unit 92 made of rubber 
material such as polyurethane has a convex end surface 
configuration that corresponds approximately to the end 
surface configuration of a holder 91 disposed over the 
paper separation unit 92. As shown in FIGS 17A to 17C, 
the paper separation unit 92 is provided with a 
protruding portion 92a, which is designed to always 
protrude from through an elongated hole formed in the 
metal holder 91 so as to extend in the stacking direction 
of paper. The height of the protruding portion 92a is 
such that a predetermined amount protrudes from 
through the elongated hole of the holder 91. The lower 
ends of the plurality of sheets of paper 90 stored in a 
paper storage abut the upper surface of the protruding 
portion 92a. 

[0008] The upper surface of the protruding portion 92a is 

provided with small concavities and convexities 92b. 
The small concavities and convexities 92b is designed to 
increase the friction to occur between the lower ends of 
the plurality of sheets of paper 90 and the protruding 
portion 92a. 

[0009] In the conventional apparatus, as described above, 



the paper 90 is separated sheet by sheet by the friction 
of rubber material and an operation to increase the 
friction by the small concavities and convexities 92b, 
based on the balance with the feeding power of a feed 
roller. 

[0010] In the above conventional apparatus, however, the 
load of the paper is carried by the entire protruding 
portion of the paper separation unit. This results in a 
problem that determination of the bending of the paper 
separation unit as well as design and manufacturing of 
the small concavities and convexities to be provided on 
the protruding portion are complicated, since the load 
imposed on the protruding portion changes substantially 
depending on the number of sheets of paper providing 
the load on the paper separation unit. 

[0011] There is also another problem that the amount of 
protrusion of the protruding portion 92a of the paper 
separation unit 92 from the holder 91, which is 
determined depending on the elasticity of the paper 
separation unit 92 made of rubber material, constantly 
changes depending on conditions such as temperature 
and humidity, and is therefore highly unstable. 

[0012] The present invention has been made in view of 

these problems, and it is an object thereof to provide a 
paper separation mechanism that assures sheet-by-sheet 
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feeding of paper by preventing feeding of a plurality of 
sheets of paper simultaneously and requires no 
complicated design or manufacturing, as well as a paper 
feed apparatus using such a paper separation 
mechanism. 

[0013] SUMMARY OP THE INVENTION 

[0014] The above and other objects arc achieved by a 
paper feed apparatus according to the present invention 
which is provided with a paper storage capable of storing 
a plurality of sheets of paper, a paper feed mechanism 
having a paper feed roller for separating the paper 
stored in the paper storage sheet by sheet and capable of 
feeding the separated paper to a given convey path, and 
an inclined surface provided in the given convey path 
such that the inclined surface makes an obtuse angle 
relative to the paper stored in the paper storage. The 
paper feed apparatus comprises a plurality of projections 
capable of engaging with an end of the paper and of 
projecting from the inclined surface; and a plurality of 
resilient arm portions for holding the respective 
projections at respective positions allowing the 
respective projections to project from the inclined 
surface. 

[0015] Since the plurality of projections are held by the 



plurality of arm portions, the loads imposed on the 
projections are shared and carried by the plurality of 
arm portions. Accordingly, it is possible to control the 
load imposed by the paper with respect to each of the 
plurality of projections held by the plurality of arm 
portions. Therefore, stable separation of paper can be 
achieved without any complicated design or 
manufacturing of the projections, and feeding of a 
plurality of sheets of paper simultaneously is prevented. 

[0016] During paper feed, friction between the paper to be 
fed and the projections produces paper powder. 
However, most paper powder falls through the gaps 
between the arm portions according to the present 
invention, possible influence by the produced paper 
powder on paper separation may be reduced. 

[0017] In the paper feed apparatus of the present 

invention, the arm portions are subjected to loads 
repeatedly imposed by the paper due to the structural 
feature. Accordingly, the arm portions are preferably 
made of metal, which will improve the durability of the 
paper feed apparatus. 

[00181 While the loads by the paper are carried by the 
arm portions, the projections are actually abutted by the 
paper. Accordingly, the projections are preferably 
formed of a material having a high abrasion resistance. 



This allows the abrasion of the projections due to the 
friction with paper to be reduced, which will improve the 
durability of the paper feed apparatus. 
[0019] The projections are preferably arranged along the 
conveying direction of the paper to be fed. This enables 
the projections to hold the paper at a position in which 
the loads imposed by the paper may be appropriately 
maintained, and thus stable paper separation is 
achieved. 

[0020] Although the projections may be formed as 
separate components from the arm portions, the 
projections are preferably formed integrally with the arm 
portions, so that the projections will never come off the 
arm portions. Also, integrating a plurality of 
components into a single component may usually reduce 
the manufacturing cost* 

[0021] In the paper feed apparatus of the present 
invention, the arm portions are designed to be bent in 
accordance with the loads imposed by the paper on the 
respective projections. It is, therefore, preferable to 
lengthen the length of the arm portion by employing a 
bent configuration of the arm portion. With the 
lengthened arm portion, the amount of bending of the 
arm portion can be increased. Then, the amount of 
bending of the arm portion may be controlled in 
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accordance with a small change of the load imposed by 
the paper. 

[0022] The above-mentioned "bent configuration" includes 

a configuration of the arm portion with a combination of 
curved lines and/or linear lines, i.e. a configuration with 
curved lines, a combination of a curved line and a linear 
line, or a combination of linear lines, as long as the arm 
portion is in a bent configuration to lengthen the arm 
portion. 

[0023] To control the amount of bending of the arm 
portion more strictly, it is preferable to form an 
elongated hole with its longitudinal direction along the 
conveying direction of the paper in the inclined surface 
such that the plurality of projections may project from 
the inclined surface through the elongated hole. This 
prevents the loads of the paper from being imposed 
directly on the arm portions, and facilitates control of 
the amount of bending of the arm portions and of the 
displacement amount of the projections. Thus, feeding 
of a plurality of sheets of the paper simultaneously is 
prevented effectively. 

[0024] The arm portion may be held in a cantilever 
manner or at the both ends thereof. When the arm 
portion is held in a cantilever manner, the same 
operation as in a lengthened arm portion can be obtained. 
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That is f the amount of bending of the arm portion may be 
increased, and may be controlled in accordance with a 
small change of the load imposed by the paper. When, 
the arm portion is held at the both end^||ereof, left or 
right tilting of the projection relative to the paper feed 
direction may be reduced. Thus, feeding of a plurality 
of sheets of the paper simultaneously is prevented and 
stable paper feed can be achieved. 
[0025] To prevent feeding of a plurality of sheets of the 
paper simultaneously, a plurality of projection need to be 
held by a plurality of arm portions. It is more 
preferable that each arm portion holds a plurality of 
projections or that each arm portion holds each 
projection independently. When each arm portion holds 
a plurality of projections, the load of the paper can be 
controlled with respect to each of the plurality of 
projections, and thus feeding of a plurality of sheets of 
the paper simultaneously is prevented and stable paper 
feed can be achieved. When each arm portion holds 
each projection independently, the load of the paper can 
be independently controlled with respect to each arm 
portion. Therefore, more stable paper separation can be 
achieved, and feeding of a plurality of sheets of the 
paper simultaneously is surely prevented, 
[0026] To enhance paper separation effect, it is preferable 



that the paper storage holds a plurality of sheets of 
paper in an inclined state relative to the horizontal 
plane. This reduces the load imposed by the uppermost 
sheet of paper on the second uppermost sheet of paper, 
and thus facilitates enhanced paper separation. 

[0027] In another aspect of the present invention, there is 
provided a paper separation mechanism for use in a 
paper feed apparatus provided with a paper feed roller 
for separating a plurality of stacked sheets of paper and 
feeding the paper sheet by sheet. The paper separation 
mechanism comprises a paper separation unit including: 
a plurality of projections capable of engaging with ends 
of the plurality of stacked sheets of paper in the paper 
feed direction; a plurality of resilient arm portions for 
holding the respective projections at respective positions 
allowing the respective projections to engage with the 
ends of the paper; and a base portion for holding the 
resilient arm portions. 

[0028] Since the plurality of projections are held by the 

plurality of arm portions, the loads imposed on the 
respective projections are shared and carried by the 
plurality of arm portions. Accordingly, it is possible to 
control the load imposed by the paper with respect to 
each of the plurality of projections held by the plurality 
of arm portions. Therefore, stable separation of paper 
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can be achieved without any complicated design or 
manufacturing of the projections, and feeding of a 
plurality of sheets of paper simultaneously is prevented. 

[0029] During paper feed, friction between the paper to be 
fed and the projections produces paper powder. 
However, most paper powder falls through the gaps 
between the arm portions according to the present 
invention, possible influence by the produced paper 
powder on paper separation may be reduced. 

[00301 To facilitate enhanced paper separation, the paper 
separation mechanism further comprises a holder unit 
having an elongated hole formed along the paper feed 
direction of the paper, wherein the projections of the 
paper separation unit project upward a predetermined 
length from through the elongated hole of the holder unit. 
This prevents the loads of the paper from being imposed 
directly on the arm portions, and facilitates control of 
the amount of bending of the arm portions and of the 
displacement amount of the projections. 

[0031] To achieve further stable paper separation, it is 
preferable that at least the friction coefficient of the 
surface of the holder unit which abuts the end of the 
paper is lower than the friction coefficient between the 
sheets of paper. This reduces the resistance during 
paper feed, which achieves further stable paper feed by 
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optimumly setting the projection amount of the 
projections and the abutting angle between the 
projection and the paper. 

[0032] The paper separation mechanism preferably 
further comprises a separation unit retainer for 
retaining the base portion from thereunder so as to be 
sandwiched between the separation unit retainer and the 
holder unit. With the separation unit retainer, the base 
portion is securely retained and the resilience against 
the paper is increased, and thus an increased stability of 
paper separation can be achieved. 

[0033] In the paper separation mechanism, the projection 
may be held at the center of the arm portion, and the 
arm portion may be held at the both ends thereof by the 
base portion. Alternatively, the arm portion may be 
held in a cantilever manner by the base portion. When 
the projection is held at the center of the arm portion, 
and the arm portion is held at the both ends thereof by 
the base portion, tilting of the projection is prevented, 
and thus, an increased stability of paper separation can 
be achieved. When the arm portion is held in a 
cantilever manner, the same operation as in a 
lengthened arm portion can be obtained. That is, the 
amount of bending of the arm portion may be increased, 
and may be controlled in accordance with a small change 
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of the load imposed by the paper. 

[00341 In the paper separation mechanism, the paper 
separation unit may be constituted by stacking a 
plurality of paper separation plates such that the arm 
portions and the projections alternate with each other, 
respectively. By this, the distance between neighboring 
projections can be reduced. This results in reduction of 
the loads imposed by the paper on the respective 
projections, so that stable paper feed without feeding a 
plurality of sheets of paper simultaneously can be 
achieved. Reduction of the loads imposed by the paper 
also may reduce damage on the paper caused by the 
friction between the paper and the projections. 

[0035] To prevent feeding of a plurality of sheets of the 
paper simultaneously in the paper separation mechanism, 
a plurality of projections need to be held by a plurality of 
arm portions. It is more preferable that each arm 
portion holds a plurality of projections or that each arm 
portion holds each projection independently. When each 
arm portion holds a plurality of projections, the load of 
the paper can be controlled with respect to each of the 
plurality of projections, and thus feeding of a plurality of 
sheets of the paper simultaneously is prevented and 
stable paper feed can be achieved. When each arm 
portion holds each projection independently, the load of 
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the paper can be independently controlled with respect 
to each arm portion. Therefore, more stable paper 
separation can be achieved, and feeding of a plurality of 
sheets of the paper simultaneously is surely prevented. 
[0036] To improve the durability of a paper feed 
apparatus, the paper separation mechanism is preferably 
made of metal. With the paper separation mechanism 
made of metal, which has a better abrasion resistance 
compared with the paper separation mechanism made of 
rubber, the durability of a paper feed apparatus may be 
improved. 

[0037] In a further aspect of the present invention, there 
is provided a paper feed apparatus which comprises: a 
paper storage capable of storing a plurality of sheets of 
paper; a paper feed mechanism having a paper feed 
roller for separating the paper stored in the paper 
storage sheet by sheet and capable of feeding the 
separated paper to a given convey path; and an inclined 
surface provided in the given convey path such that the 
inclined surface makes an obtuse angle relative to the 
paper stored in the paper storage. In the paper feed 
apparatus, the paper separation mechanism described 
above is preferably provided on the inclined surface. 
The paper separation mechanism, which is constituted as 
a component separate from the inclined surface and is 
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disposed on the inclined surface, can be easily detached 
to facilitate maintenance such as adjustment of the angle 
of the projections and component replacement. 
[00381 To enhance paper separation in the paper feed 
apparatus, it is preferable that the paper storage holds a 
plurality of sheets of paper in an inclined state relative 
to the horizontal plane. This reduces the load imposed 
by the uppermost sheet of paper on the second uppermost 
sheet of paper, and thus facilitates enhanced paper 
separation. 

[0039] To further secure paper separation in the paper 
feed apparatus, it is preferable that two or more paper 
separation mechanisms are provided on the inclined 
surface. With a plurality of paper separation 
mechanisms provided in parallel, paper separation can 
be performed simultaneously by the plurality of paper 
separation mechanisms, which may facilitate further 
secure paper separation. 

[0040] BRIEF DESCRIPTION OF THE DRAWINGS 

[00411 Preferred embodiments according to the present 

invention will now be described with reference to the 

drawings in which: 

[0042] FIG. 1 is a partially broken front view showing the 

inside of a paper feed apparatus according to an 
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embodiment; 

[0043] FIG. 2 is a plan view showing the inclined wall and 

the bottom wall of the paper feed apparatus; 
[00441 FIGS. 3A and 3B are views showing the structure 

of a paper separation mechanism; 
[0045] FIGS. 4A and 4B are diagrammatic sectional views 

of the paper separation mechanism; 
[0046] FIGS. 5A and 5B are explanatory views illustrating 

a holder unit; 

[0047] FIGS. 6A and 6B are explanatory views illustrating 

a paper separation unit; 
[0048] FIGS. 7A and 7B are explanatory views illustrating 

a separation unit retainer; 
[0049] FIG. 8 is an exploded perspective view showing the 

structure of the paper separation mechanism; 
[0050] FIG. 9 is an explanatory view illustrating how to 

perform paper separation; 
[0051] FIG. 10 is an enlarged view of the vicinity of the 

paper separation mechanism during separation of sheets 

of paper; 

[0052] FIGS. HA and 11B are explanatory views 
illustrating a paper separation unit according to another 
embodiment (having an arm portion with a different 
configuration); 

[0053] FIG. 12 is an explanatory view illustrating a paper 
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separation unit according to yet another embodiment 
(having two projections arranged in each arm portion); 

[00543 FIG. 13 is an explanatory view illustrating a paper 
separation unit according to a further embodiment 
(having cantilever arm portions); 

[00551 FIGS. 14A to 14C are explanatory views 
illustrating a paper separation unit according to another 
embodiment (having an upper paper separation plate and 
a lower paper separation plate, and an arm portion held 
at the both ends thereof); 

[0056] FIGS. 15A to 15C are explanatory views 
illustrating a paper separation unit according to a 
further embodiment (having an upper paper separation 
plate and a lower paper separation plate, and cantilever 
arm portions); 

[0057] FIGS. 16A and 16B are explanatory views 
illustrating how separation of paper is performed 
according to a prior art apparatus; and 

[0058] FIGS. 17A to 17C are explanatory views 
illustrating a prior art paper separation unit. 

[0059] DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 
[00601 [Structure of the Paper Feed Apparatus] 
[0061] The overall structure of a paper feed apparatus 
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according to the present invention will now be described 
with reference to FIG. 1 and FIG. 2. FIG. 1 is a 
partially broken front view showing the inside of a paper 
feed apparatus 1 by partially breaking a cover 30, while 
FIG. 2 is a plan view showing only an inclined wall 4, a 
bottom wall 3 and portions associated with the bottom 
wall 3 by omitting a paper feed mechanism of the paper 
feed apparatus 1. 

[0062] The paper feed apparatus 1 has a main housing 2 
provided with the bottom wall 3 and the inclined wall 4 
forming an obtuse angle with the bottom wall 3. The 
bottom wall 3 and the inclined wall 4 constitute a paper 
storage for storing paper in a stacked state. When 
paper is stored in a stacked state, the lower end of the 
paper abuts a paper sliding portion 3A provided on the 
bottom wall 3, a paper separation mechanism 12 which is 
disposed on the bottom wall 3 at a slightly left shifted 
position from the center of a paper feed roller 10, and a 
guide lib 19 which is gradually declined toward the 
downstream of the moving direction of the paper, while 
the reverse surface of the paper is held by the inclined 
wall 4. A cover 30 is disposed at a position a 
predetermined distance away from the inclined wall 4. 

[0063] A paper feed roller shaft 6 is laid between a pair of 
side walls 5 formed on both sides of the main housing 2. 
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A roller gear 8 to be engaged with a drive mechanism 7 
fixed to the side wall 5 is fastened to one end (right end 
in FIG. 1) of the paper feed roller shaft 6, and a roller 
support 9 is rotatably mounted at the approximate 
center of the paper feed roller shaft 6. 

[0064] Within the roller support 9, a train of gears (not 
shown) for conveying rotation of the paper feed roller 
shaft 6 are disposed and the paper feed roller 10 rotating 
through the train of gears is rotatably held. The roller 
support 9 is pressed against the paper with a prescribed 
pressure through a bias spring 20. 

[0065] To feed the uppermost sheet of the paper stored in 
a stacked state between the bottom wall 3 and the 
inclined wall 4, the paper feed roller shaft 6 is first 
rotationally driven by the drive mechanism 7 through 
the roller gear 8. Then, the train of gears in the roller 
support 9 are driven, and thereby the paper feed roller 
10 is rotationally driven. As a result, the paper is fed 
toward the downstream direction of the main housing 2. 

[0066] The paper separation mechanism 12 will now be 
described with reference to FIG. 3, FIG- 4 and FIG, 8. 
FIG. 3A and 3B are a plan view and a side view showing 
the structure of the paper separation mechanism 12. 
FIG. 4A is a sectional view of the paper separation 
mechanism 12 along line 4A-4A in FIG. 1 and FIG. 4B is 
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a sectional view of the paper separation mechanism 12 
along line 4B-4B in FIG. 4A. FIG. 8 is a perspective 
view showing the positional relationship of components 
constituting the paper separation mechanism 12- It is 
to he noted that only the approximate configuration of 
each component is shown by omitting the details in FIG. 
8. 

[0067] As shown in FIGS, 3, 4 and 8, the paper separation 
mechanism 12 comprises a paper separation unit 15, a 
holder unit 14 for holding the paper separation unit 15 
and a separation unit retainer 16 for retaining the paper 
separation unit 15 from thereunder. The paper 
separation unit 15, the holder unit 14 and the separation 
unit retainer 16 are held unitedly by, for example, 
fittedly inserting a holder member 17 of synthetic resin 
(e.g. polyacetal) from one end of these united 
components. 

[0068] The respective components constituting the paper 
separation mechanism 12 will now be described. FIGS. 
5A and 5B are a plan view and a side view of the holder 
unit 14, FIGS. 6A and 6B are a plan view and a side view 
of the paper separation unit 15, and FIGS. 7A and 7B are 
a plan view and a side view of the separation unit 
retainer 16. 

[0069] As shown in FIGS. 5A and 5B, the holder unit 14 
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made of, for example, an SUS (stainless steel) plate is 
provided with a horizontal upper wall portion 14A, side 
wall portions 14B extending downward from both sides of 
the upper wall portion 14A and fixing portions 14C each 
formed by bending from each of the side wall portions 
14B so as to extend horizontally. The holder unit 14 has 
a given length in the moving direction of the paper. 
[0070] The upper wall portion 14A is provided with an 
elongated hole 14D formed along the moving direction of 
the paper. The elongated hole 14D is designed to allow 
projections 15C formed in the paper separation unit 15 
to be exposed above the upper surface of the upper wall 
portion 14A. 

[0071] One end (the right end in FIG. 5A) of the elongated 
hole 14D is provided with a positioning hole 14E, which 
engages with a positioning projection 17A formed in the 
upper wall of the holder member 17 (see FIG. 4A). The 
holder unit 14 and the holder member 17 are thereby 
fixed with a proper positioning. 

[0072] Each fixing portion 14C of the holder unit 14 has a 
protrusion 14F formed to protrude upward. Each 
protrusion 14F is pressed against the reverse surface of 
a fixing piece 3C (see FIG. 4B) formed integrally with 
the main housing 2. Specifically, the lower end of the 
holder unit 14 abuts a step -like portion of a fixing unit 
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3B. while each protrusion 14F is pressed against the 
reverse surface of the fixing piece 3C by the resilience of 
the fixing portion 14C, with the result that the holder 
unit 14 is fixed on the bottom wall 3. 
[00731 One of the side wall portions 14B of the holder unit 
14 is provided with an engaging slot 14G opening 
downward, as shown in FIG. 5B. The engaging slot 14G 
engages with an engaging projection 15D formed in the 
paper separation unit 15 and an engaging projection 16A 
formed in the separation unit retainer 16, so that the 
holder 14, the paper separation unit 15 and the 
separation unit retainer 16 may be mutually positioned. 
[0074] The paper separation unit 15 formed by, for 
example, pressing a SUS plate comprises a plurality of 
projections 15C, a plurality of arm portions 15B each 
holding the each projection 15C from both sides thereof, 
and a base portion 15A supporting the respective arm 
portions 15B in a serial manner, as shown in FIGS. 6A 
and 6B. The end surface configuration, of the paper 
separation unit 15 is approximately the same as the end 
surface configuration of the holder unit 14. 
[0075] The paper separation unit 15 is to be placed under 
the holder unit 14, as shown in FIGS. 4A-4B and 8, and 
has a given length in the moving direction of the paper 
the same as the above-described holder unit 14. 
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[0076] The projections 15C are designed to bend from the 
respective arm portions 15B so as to make a 80-95 degree 
angle, for example, with respect to the paper stored in a 
slantingly stacked state in the paper feed apparatus 1. 
The length of the each projection 15C is determined such 
that a certain amount can project from through the 
elongated hole 14D of the holder unit 14. The amount of 
projection is around 0.1-0. 4mm, for example. 
[00771 The lower end of the paper stored in a stacked 
state is abutted directly and supported by the respective 
projections 15C or the upper wall portion 14A of the 
holder unit 14. The each arm portion 15B holding the 
each projection 15C is flexible, and, therefore, can 
independently carry the load imposed by the paper. 
[0078] The arm portion 15B is curved, which results in 
the lengthened arm portion 15B that allows the bending 
thereof to be changed in accordance with a small change 
of the load. In this case, the displacement of one 
projection 15C due to the bending of the arm portion 15B 
is designed not to affect the displacement of the adjacent 
projection 15C. 

[0079] The separation unit retainer 16 is provided with 
multiple spring portions 16B and two engaging arms 16C, 
as shown in FIGS. 7A and 7B, and is arranged under the 
paper separation unit 15, as shown in FIG. 8. The 
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spring portions 16B formed in an upper surface portion 
16D of the separation unit retainer 16 are designed to 
abut the hase portion 15A of the paper separation unit 
15. Accordingly, the paper separation unit 15 is firmly 
retained by the separation unit retainer 16. 
[0080] The engaging arms 16C formed at the ends of the 
side portions 16E of the separation unit retainer 16, as 
shown in FIGS. 3A-3B and 7A-7B. abut the side wall 
portions 14B of the holder unit 14 to position the holder 
unit 14, the paper separation unit 15 and the separation 
unit retainer 16 in an engaging manner. 
[0081] The holder member 17 has, in the upper inner wall, 
the positioning projection 17 A (see FIG. 4A) to engage 
with the positioning hole 14E formed at the end of the 
elongated hole 14D of the holder unit 14 and a 
positioning hole 15F formed in the paper separation unit 
15. On the condition that the engaging projection 15D 
of the paper separation unit 15 and the engaging 
projection 16A of the separation unit retainer 16 engage 
with the engaging slot 14G, the positioning projection 
17A engages with the positioning hole 14E of the holder 
unit 14 in a state in which the paper separation unit 15, 
the holder unit 14 and the separation unit retainer 16 
are united. As a result, the holder member 17 holds the 
paper separation unit 15, the holder unit 14 and the 
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separation unit retainer 16 unitedly. 
[0082] The center of the paper separation unit 15 
arranged in the paper separation mechanism 12 
constituted as above and the center of the paper feed 
roller 10 are a predetermined distance P away from each 
other along the width direction of the paper, as shown in 
FIG. 1, The distance P is determined based on the 
common knowledge that a too long distance tends to 
cause a plurality of sheets of paper to be fed 
simultaneously, wbile a too short distance tends to cause 
an unsuccessful paper feed. 
[00831 The paper feed mechanism will now be described 
with reference to FIG. 9. The paper feed mechanism 
comprises the paper feed roller 10, the cover 30 and a 
film 32, as shown in FIG. 9. 
[0084] The paper feed roller 10 is rotationally driven by 
the driving of the train of gears within the roller support 
9 based on the rotational driving of the drive mechanism 
7, the roller gear 8 and the paper feed roller shaft 6, 
[0085] The cover 30 is arranged at a position a 
predetermined distance away from the inclined wall 4 so 
as to store paper H, and is provided with a bent portion 
31 facing the paper BL Tbe film 32 having elasticity is 
attached to the cover 30 in the vicinity of the bent 
portion 31. The film 32 abuts the uppermost sheet of 
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the paper H stored in a stacked state to control such that 
the lower end of the sheet of the paper H may be placed 
on the paper separation unit 15 in the paper separation 
mechanism 12. A 
[00861 According to the 'papfr feed apparatus 1 
constituted as above, paper feed is performed by the 
paper feed roller 10, which is rotationally driven, 
conveying the paper H stored in a stacked state 
separately sheet by sheet toward the lower direction of 
the main housing 2. 
C 0087] [Operation of the Paper Feed Apparatus] 
[0088] The operation of how separation of the paper is 
performed during paper feed will now be described with 
reference to FIG. 10, which is a sectional view around 
the paper separation mechanism 12. 
[0089] The paper H stacked in the paper storage is 
supported by the holder unit 14 or the projections 15C of 
the paper separation unit 15. The arm portions 15B 
holding the projections 15C with the paper H thereon 
maintain balance with the load of the paper H by being 
bent to some extent. 
[0090] An upper sheet of paper 41 located at the 
uppermost surface of the paper H is started to be fed in 
accordance with the rotation of the paper feed roller 10. 
Specifically, when the paper feed roller 10 starts to be 



-26- 



xotated, the load imposed on the projection 1BC becomes 
increased, resulting in an increased bending of the arm 
portions 15B. When the bending of the arm portion 15B 
reaches a certain amount, the uppermost sheet of paper 
41 slides on the projection 15C to be fed. 
[00911 If a lower sheet of paper 42 located at the second 
to the uppermost surface of the paper H moves along 
with the upper sheet of paper 41, the movement of the 
lower sheet of paper 42 is prevented because the bending 
of the arm portion 15B is cleared as soon as the front 
end of the upper sheet of paper 41 departs from the 
projection 15C- Even if the lower sheet of paper 42 
passes the first projection 15C, the movement of the 
lower sheet of paper 42 may be more surely prevented by 
the second projection 15C that is not bent by the load of 
the paper H. 

[00921 [Effects and Advantages of the Paper Feed 
Apparatus] 

[0093] According to the paper feed apparatus 1 detailedly 
described in the embodiment, by holding the plurality of 
projections 15C by the arm portions 15B, respectively, 
the loads imposed on the respective projections 15C can 
be independently controlled by the respective arm 
portions 15B. Therefore, stable separation of the paper 
can be achieved without any complicated design or 
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manufacturing of the projections 15C, and thus it is 
possible to prevent feeding of a plurality of sheets of the 
paper H simultaneously. 
[0094] Also, in the present apparatus (the paper feed 
apparatus 1), the paper separation mechanism 12 
configured separately from the bottom wall 3 is attached 
to the bottom wall 3. In other words, by configuring the 
plurality of projections 15C and the plurality of arm 
portions 15B independently from the bottom wall 3, 
detachment of the projections 15C and the arm portions 
15B is facilitated, so that maintenance such as 
adjustment of the angle of the projections 15C and 
component replacement may be easily performed. 
[0095] In the present apparatus (the paper feed apparatus 
1), the paper storage 11 (i.e. the bottom wall 3 and the 
inclined wall 4) holds the plurality of sheets of paper H 
in an inclined state relative to the horizontal direction. 
When the paper H is held in the inclined state as above, 
the load imposed by the uppermost sheet of paper H on 
the second uppermost sheet of paper H is reduced, which 
facilitates separation of the paper H. 
[0096] Furthermore, the paper separation unit 15 is 
integrally formed of metal. By integrally forming the 
paper separation unit 15, which may be constituted by a 
plurality of components, cost reduction can be achieved. 
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Also, it is possible to prevent the respective projections 
15C from coming off the respective arm portions 15B. 
In addition, the arm portions 15B formed of metal are 
not easily fatigued in spite of the loads repeatedly 
imposed by the paper H. Furthermore, the respective 
projections 15C have an increased abrasion resistance, 
compared with the case of the paper separation unit 15 
made of rubber, for example. This means that the 
abrasion of the projections 15C caused by the friction 
with the paper H can be reduced, and that the durability 
of the paper feed apparatus will be improved. 
[0097] The respective projections 15C are arranged along 
the moving direction of the paper H to be fed. 
Accordingly, the respective projections 15C hold the 
paper H at positions where the loads by the paper H are 
appropriately maintained, so that stable separation of 
the paper H can be achieved. 
[0098] The each projection 15C is held by the each arm 
portion 15B at the center of the arm portion 15B, while 
the arm portion 15B is supported by the base portion 15A 
at the both ends of the arm portion 15B. As a result, 
the projection 15C is prevented from tilting left or right 
relative to the paper feed direction, and thereby an 
increased stability of paper separation can be achieved. 
[0099] The length of the arm portion 15B is lengthened by 
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configuring the arm portion 15B with a combination of 
curved lines and/or linear lines. The arm portion 15B is 
designed to be bent in accordance with the load imposed 
on the corresponding projection 15C by the paper H. 
Accordingly, the longer the arm portion 15B becomes, the 
larger the amount of bending of the arm portion 15B may 
become. Therefore, the amount of bending of the arm 
portion 15B may be controlled in accordance with a small 
change of the load imposed by the paper H, 
[0100] The paper separation unit 15 shown in FIG. 6 has 
the arm portions 15B extending rearward from the 
projections 15C relative to the paper feed direction. 
When the paper separation unit 15 like this is employed 
in the paper feed apparatus 1, as the load by the paper is 
increased, the angle of the projections 15C against the 
paper is increased, which enables the resistance during 
paper feed to be reduced. 
[01011 The paper separation mechanism 12 is provided 
with the holder unit 14 having the elongated hole 14D 
formed along the moving direction of the paper H. The 
holder unit 14 is disposed over the paper separation unit 
15, and the projections 15C in the paper separation unit 
1 5 ' project upward a predetermined length from through 
the elongated hole 14D. As a result, it is possible to 
prevent the load of the paper from being imposed 
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directly on the arm portions 16B. which may reduce the 
bending of the paper separation unit 15 and facilitate 
control of the bending amount of the arm portions 15B 
and control of the displacement amount of the 
projections 15C. 

[0102] The paper separation mechanism 12 is also 
provided with the separation unit retainer 16 for 
retaining the base portion 15A from thereunder so as to 
be sandwiched between the separation unit retainer 16 
and the holder unit 14. With the separation unit 
retainer 16, the base portion 15A is securely retained 
and the resilience of the paper separation unit 15 
against the paper is increased, and thereby an increased 
stability of paper separation can be achieved. 
[0103] In the paper separation mechanism 12, with 
respect to the friction coefficient of tne respective 
surfaces of the paper separation unit 15 and the holder 
unit 14 which abut the paper, the friction coefficient 
between the paper separation unit 15 and the paper, and 
the friction coefficient between the holder unit 14 and 
the paper are set to be smaller than the friction 
coefficient between sheets of the papeT (e.g. the friction 
coefficient between sheets of the paper U ^0.5, the 
friction coefficient between the SUS plate and the paper 
p. *s0.25). As a result, the resistance during paper feed 
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is reduced, which achieves further stable paper feed by 
optimumly setting the projection amount of the 
projections 15C and the abutting angle between the 
projection 15C and the paper. 
[0104] [Modified Forms of Paper Feed Apparatus] 

[0105] To prevent feeding of a plurality of sheets of paper 

simultaneously and secure sheet-by -sheet paper feed, 
paper separation units as described below may be 
employed other than the paper separation unit 15 shown 
in FIGS. 6A-6B. 

[0106] The paper separation unit 15 shown in FIG. 11A 

has arm portions 15G extending frontward from the 
projections 15C relative to the paper feed direction. 
The paper separation unit 15 shown in FIG. 11B has arm 
portions 15H bending a plurality of times. The paper 
separation unit 15 shown in FIGS. 6A-6B and the paper 
separation units 15 shown in FIG. 11A and FIG. 11B 
have the same structure except for the configuration of 
the arm portions. As described above, the arm portion 
may be configured in any form, as long as the each 
projection 15C may be independently displaced in 
accordance with the load imposed by the paper. An 
important point of the present invention is that the 
respective projections 15C are capable of being displaced 
in an independent manner instead of an integrated 
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manner. 

[0107] In a paper separation unit 61 shown in FIG- 12, 
the configurations of arm portions 61B and projections 
61C are different from the configurations of those in the 
paper separation unit 15 shown in FIGS. 6A-6B. 
Specifically, each arm portion 61B held at the both ends 
thereof by a base portion 61A is provided with two 
projections 61C. As above, each projection 61C needs 
not to correspond to each arm portion 61B, but a 
plurality of projections 61C may be provided to each arm 
portion 61B. 

[0108] Also, the arm portion needs not to be held at the 
both ends thereof. As in the paper separation unit 62 
shown in FIG. 13, each arm portion 62B may be held by a 
base portion 62A in a cantilever manner. In this case, 
each projection 62C is integrally formed at the tip end of 
each arm portion 62B. 

[0109] The paper separation unit may also be constituted 
by combining two paper separation plates (i.e. an upper 
paper separation plate and a lower paper separation 
plate) as shown in FIGS. 14A-14C and in FIGS. 15A-15C. 

[0110] In a paper separation unit 63 in FIG. 14A-14C, the 
lower paper separation plate 65 in FIG. 14C having a 
base portion 65A, arm portions 65B and projections 65C 
in the same manner as in the above described paper 
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separation unit is disposed under the upper paper 
separation plate 64 in FIG. 14B. The upper paper 
separation plate 64 is provided with a base portion 64A, 
arm portions 64B and projections 64C in the same 
manner as in the lower paper separation plate 65. 

[01 111 When the upper paper separation plate 64 is laid 
on the lower paper separation plate 65, the projections 
64C of the upper paper separation plate 64 and the 
projections 65C of the lower paper separation plate 65 
alternately project upward. The size of each projection 
is determined such that an identical height of all the 
projections can be obtained in a state in which the upper 
paper separation plate 64 is laid on the lower paper 
separation plate 65. Specifically, the height of the 
projection 65C is larger than the projection 64C by the 
thickness of the upper paper separation plate 64. 

[0112] In a paper separation unit 66 in FIG. 15A-15C, the 
lower paper separation plate 68 in FIG. 15C having a 
base portion 68A, arm portions 68B and projections 68C 
in the same manner as in the above described paper 
separation unit is disposed under the upper paper 
separation plate 67 in FIG. 15B. The upper paper 
separation plate 67 is provided with a base portion 67A, 
arm portions 67B and projections 67C in the same 
manner as in the lower paper separation plate 68. 
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[0113] When the upper paper separation plate 67 is laid 
on the lower paper separation plate 68, the projections 
67C of the upper paper separation plate 67 and the 
projections 68C of the lower paper separation plate 68 
alternately project upward. The size of each projection 
is determined such that an identical height of all the 
projections can be obtained in a state in which the upper 
paper separation plate 67 is laid on the lower paper 
separation plate 68. Also in this case, the height of the 
projection 68C is larger than the projection 67C by the 
thickness of the upper paper separation plate 67, 

[0114] The paper separation unit 63 shown in FIGS. 
14A-14C and the paper separation unit 66 shown in FIGS. 
15A-15C have the same structure except that the arm 
portion is held at the both ends thereof (FIGS- 14A-14C) 
or is held in a cantilever manner (FIGS. 15A-15C). 

[01151 In the paper separation units shown in FIGS. 
14A-14C and in FIGS. 15A-15C, each of which is 
constituted by two paper separation plates, the distance 
between neighboring projections can be reduced. This 
results in reduction of the loads imposed by the paper on 
the respective projections, so that stable paper feed 
without feeding a plurality of sheets of paper 
simultaneously can be achieved. Also, by constituting 
the paper separation unit by two paper separation plates, 
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the projections can be arranged with an optimum density, 
so that the stability of paper feed may be improved. In 
addition, reduction of the loads imposed by the paper on 
the respective projections may reduce damage on the 
paper caused by the friction between the paper and the 
projections. 

[0116] While a single paper separation mechanism 12 is 

provided on the bottom wall 3 in the paper separation 
apparatus 1, two or more paper separation mechanisms 
12 may be provided on the bottom wall 3, in order to 
achieve further secure paper separation. When a 
plurality of paper separation mechanisms 12 are 
provided in parallel, paper separation can be performed 
simultaneously by the plurality of paper separation 
mechanisms 12, which may facilitate further secure 
paper separation. 

[0117] The paper separation mechanism 12, which is 
constituted as a component separate from the bottom 
wall 3 in the paper separation apparatus 1, may be 
constituted integrally with the bottom wall 3. 

[0118] The paper storage 11 (i.e. the bottom wall 3 and 

the inclined wall 4), which holds a plurality of sheets of 
paper H in an inclined state in the paper separation 
apparatus 1, may hold a plurality of sheets of paper 
horizontally as long as the paper storage 11 and the 
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paper separation mechanism 12 make an obtuse angle 
therebetween. 



